RADIATION-RESISTANT ADHESIVE COMPOSITION AND ADHESIVE 
PRODUCT USING THE SAME 



BACKGROUND OF THE INVENTION 
The present invention relates to a radiation-resistant adhesive 
composition and in particular to a radiation-resistant adhesive composition 
suitably used in medical adhesive products sterilized by radiations (y-rays, 
electron rays), such as adhesive tapes, adhesive plasters, surgical drapes 
and packaging materials for medical instruments, as well as a 
radiation-resistant adhesive product comprising the same. 

For medical instruments, a method of sterilization with an ethylene 
oxide gas is mainly used at present. In recent years, however, a method of 
sterilization with radiations (v-rays, electron rays) came to be used in place 
of the method because of the problem of a residual gas. Upon sterilization 
with radiations, adhesive products comprising an acrylic adhesive had the 
problem of a reduction in the adhesion thereof after irradiation with 
radiations as compared with the adhesion before irradiation, that is, the 
adhesion of adhesive tapes, adhesive plasters or surgical drapes comprising 
an acrylic adhesive became lower than predetermined adhesion, or 
adhesive labels stuck on medical instruments were easily released. 

OBJECTS AND SUMMARY OF THE INVENTION 
The object of the present invention is to provide an acrylic adhesive 
with less reduction in the adhesion thereof upon irradiation with radiations 
and an adhesive product comprising the same. 
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The present invention encompasses: 

(1) A radiation-resistant acrylic adhesive composition comprising an acrylic 
polymer and a radiation-resistant agent. 

(2) The radiation-resistant acrylic adhesive composition according to item 
(l) above, wherein the amount (solid content) of the radiation-resistant 
agent is 5 to 100 parts by weight relative to 100 parts (solid content) by 
weight of the acrylic polymer. 

(3) A radiation-resistant adhesive product comprising the 
radiation-resistant acrylic adhesive composition described in item (l) or (2) 
above. 

(4) The radiation -resistant adhesive product according to item (3) above, 
wherein the adhesion thereof after irradiation with 60 kGy electron rays, 
as determined in accordance with JIS (Japanese Industrial Standard) 
Z0237, is 80 to 100 % of the adhesion thereof before irradiation. 

The radiation-resistant agent used in the present invention refers 
to a compound which can compensate for the reduction in adhesion (due to 
an increase in the degree of crosslinkage) attributable to irradiation with 
radiations and which is compatible with an acrylic adhesive (which 
comprises an acrylic polymer and optional components). 

The radiation-resistant agent includes e.g. rosin, rosin derivatives 
(e.g., modified rosin such as hydrogenated rosin, disproportionated rosin, 
polymerized rosin etc., and modified rosin esters thereof), terpene resin, 
terpene phenol resin, aromatic modified terpene resin, hydrogenated 
terpene resin, aliphatic petroleum resin, aromatic petroleum resin, 
copolymerized petroleum resin, alicyclic petroleum resin, hydrogenated 



2 



petroleum resin and alkyl phenol resin. 

The amount (solid content) of the radiation-resistant agent 
compounded is usually 5 to 100 parts by weight, preferably 10 to 80 parts 
by weight, relative to 100 parts (solid content) by weight of an acrylic 
polymer in the acrylic adhesive composition. 

Although alkyl (meth)acrylates used as the major component in 
starting monomers for the acrylic polymer in the present invention are not 
particularly limited, it is usually possible to use various alkyl acrylates or 
alkyl methacrylates wherein the alkyl group constituting an ester group is 
a Ci_i8 alkyl group, and specific examples include methyl acrylate, ethyl 
acrylate, propyl acrylate, n-butyl acrylate, isobutyl acrylate, 2-ethylhexyl 
acrylate, isooctyl acrylate, methyl methacrylate, ethyl methacrylate, propyl 
methacrylate, n-butyl methacrylate, isobutyl methacrylate, 2-ethylhexyl 
methacrylate, isooctyl methacrylate etc. 

As the monomers constituting the acrylic polymer in the present 
invention, the above-enumerated alkyl (meth) acrylates may be used alone 
or in combination thereof or may be used in combination with other 
copolymerizable monomers. As the other copolymerizable monomers, use 
can be made of a wide variety of monomers known as modifying monomers 
for acrylic adhesive, such as vinyl acetate, styrene, acrylonitrile, 
acrylamide, dimethylacrylamide, acrylic acid, methacrylic acid, 
2-hydroxyethyl acrylate, glycidyl methacrylate, 4-hydroxybutyl acrylate 
and N-vinylpyrrolidone. 

Polymerization of these monomers is carried out by a conventional 
polymerization method such as solution polymerization, emulsion 
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polymerization and bulk polymerization. The reaction temperature for 
polymerization is usually 50 to 85 °C, preferably 60 to 80 °C. 

When solution polymerization is carried out, the monomers are 
polymerized at a concentration (as solid content) of usually 0.5 to 60 % by 
weight, preferably 5 to 50 % by weight in the presence of a polymerization 
initiator such as 2,2'-azobisisobutyronitrile or benzoyl peroxide in a solvent 
such as acetone, benzene, toluene, ethyl acetate, hexane, heptane, 
methanol, ethanol or isopropanol. 

The amount (solid content) of the polymerization initiator 
compounded is usually 0.05 to 1 part by weight based on 100 parts (solid 
content) by weight of the acrylic polymer. 

A crosslinking agent (curing agent), for example, an isocyanate 
compound such as hexamethylenediisocyanate and tolylenediisocyanate; an 
epoxy compound such as l,3-bis(N,N-diglycidylaminomethyl) toluene and 
N,N,N',N'-tetraglycidyl-4,4'-diaminodiphenylmethane; a metal chelate 
compound such as tris(ethylacetoacetato) aluminum and 
ethylacetoacetatoaluminum diisopropylate?" and an imine compound such 
as N,N'-toluene-2,4-bis(l-aziridinecarboxyamido)triethylenemelamine and 
hexamethylene diethylene urea can also be added to the radiation- resistant 
acrylic adhesive composition of the present invention. 

The amount (solid content) of the crosslinking agent compounded is 
usually 0.05 to 5 parts by weight, preferably 0.1 to 3 parts by weight, 
relative to 100 parts (solid content) by weight of the acrylic polymer. 

If necessary, the radiation-resistant acrylic adhesive composition of 
the present invention can be compounded with a softener such as process 
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oil, polyisobutylene and polybutene; fillers such as titanium oxide, zinc 
oxide, aluminum metasilicate, calcium carbonate and calcium phosphate; a 
moisture retaining agent such as starch, cellulose derivatives and polyvinyl 
alcohol; and liquid paraffin. 

The radiation-resistant adhesive product of the present invention 
encompasses adhesive tapes, adhesive plasters, adhesive sheets, adhesive 
labels, adhesive packaging bags, and can be obtained by applying the 
adhesive composition onto a substrate or a release sheet to form an 
adhesive layer thereon. 

The thickness of the adhesive layer in the radiation-resistant 
adhesive product of the present invention is usually 5 to 200 um, preferably 
10 to 100 um. 

The substrate used in the radiation-resistant adhesive product of 
the present invention is not particularly limited, and for example, use is 
made of a resin film made of polyesters (e.g., polyethylene terephthalate), 
polyethylene, polypropylene, polyvinyl chloride, polycarbonates, 
ethylene -vinyl acetate copolymers, polyurethane, polystyrene or polyimides, 
or paper, synthetic paper, cloth, metal foil etc. 

The thickness of such a substrate is usually 5 to 1000 um, 
preferably 20 to 500 um. 

In addition, the adhesive product may have a release sheet 
laminated on the surface of the adhesive layer provided on the substrate in 
order to protect the adhesive layer. As the release sheet, for example a 
sheet having a releasing treatment layer such as silicone resin provided on 
a sheet material selected from the above-described substrates is used. 
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Further, the radiation-resistant adhesive product of the present 
invention may be in such a form that the above -described substrate is not 
used. In this case, the adhesive product is used in such a form that the 
adhesive layer is protected in both sides thereof with release sheets. 

For production of the radiation-resistant adhesive product of the 
present invention, a compound of the above-described adhesive composition 
is mixed, stirred and applied onto the above-described substrate or release 
sheet by a known coater such as knife coater, roll knife coater, reverse roll 
coater, gravure coater or die coater, to form a layer of desired thickness 
thereon. If the compound is a solution, a suspension or the like, it is dried 
to remove volatile s such as solvent etc., to form an adhesive layer. Then, 
another release sheet or substrate is laminated on the side of the exposed 
adhesive layer to produce the radiation-resistant adhesive product of the 
present invention. 

In the measurement of adhesion before and after irradiation with 
electron rays (radiation dose: 60 kGy) in accordance with JIS Z0237, a 
conventional adhesive sheet not compounded with the radiation-resistant 
agent, after irradiation with electron rays, indicates about 70 % of the 
adhesion thereof before irradiation with electron rays, that is, about 30 % 
reduction of the adhesion, whereas the adhesive sheet of the present 
invention compounded with the radiation-resistant agent, after irradiation 
with electron rays, maintains 80 to 100 % of the adhesion thereof before 
irradiation. 

The radiation-resistant adhesive product of the present invention 
can be suitably used as e.g. first-aid adhesive tapes, first-aid adhesive 
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plasters, surgical drapes, or adhesive labels to be stuck on medical 
instruments. 

According to the present invention, there can be provided an acrylic 
adhesive composition with less reduction in the adhesion thereof before and 
after a process of sterilization with radiation (yrays, electron rays), as well 
as a adhesive product comprising the same. 

This specification includes part or all of the contents as disclosed in 
the specification of Japanese Patent Application No. 2000-309665, which is 
the base of the priority claim of the present application. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, the present invention is described in more detail by 
reference to the Examples and Comparative Example, which are not 
intended to limit the scope of the present invention. 
Example 1 

0.25 part by weight of 2,2'-azobisisobutyronitrile was added as a 
polymerization initiator to a mixed solution of 65 parts by weight of n-butyl 
acrylate, 32 parts by weight of 2-ethylhexyl acrylate, 3 parts by weight of 
acrylic acid and 50 parts by weight of ethyl acetate, and while 80 parts by 
weight of ethyl acetate was further added thereto, the mixture was 
subjected to polymerization at 65 °C for 12 hours in an inert gas 
atmosphere, to prepare a solution of acrylic adhesive composition (solid 
content: 43.5 %). 

The solution of acrylic adhesive composition thus obtained was 
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mixed with hexamethylene diethylene urea (crosslinking agent based on an 
organic polyvalent imine) and hydrogenated rosin ester (ultra-pale rosin 
ester KE-311™ produced by Arakawa Chemical Industries, Ltd.) in 
amounts of 0.2 weight part (solid content) and 40 weight parts respectively 
relative to 100 weight parts (solid content) of the acrylic adhesive 
composition in the solution, and the mixture was stirred to prepare a 
solution of acrylic adhesive composition. 

The above solution of acrylic adhesive composition was applied in a 
coating amount of 30 g/m 2 after drying onto a polyethylene terephthalate 
film (thickness, 25 um) and dried at 100 °C for 2 minutes to form an 
adhesive layer of 30 um in thickness which was then superposed on a 
release sheet (SP-KP85G White™ produced by Lintec Corporation), to give 
the adhesive sheet of the present invention having the polyethylene 
terephthalate film as the substrate. 
Example 2 

An adhesive sheet was obtained in the same manner as in Example 
1 except that 40 parts by weight of hydrogenated terpene resin (CLEARON 
K-100™ produced by Yasuhara Chemical Co., Ltd.) was added and mixed 
in place of the hydrogenated rosin ester in Example 1. 
Example 3 

An adhesive sheet was obtained in the same manner as in Example 
1 except that 40 parts by weight of aliphatic petroleum resin (Escorez 
1202u™ produced by TONEX Co., Ltd.) was added and mixed in place of 
the hydrogenated rosin ester in Example 1. 
Example 4 
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An adhesive sheet was obtained in the same manner as in Example 
1 except that 40 parts by weight of hydrogenated petroleum resin (ARKON 
p. 100™ produced by Arakawa Chemical Industries, Ltd.) was added and 
mixed in place of the hydrogenated rosin ester in Example 1. 
Comparative Example 1 

An adhesive sheet was obtained in the same manner as in Example 
1 except that the hydrogenated rosin ester was not compounded. 

The adhesive sheets in the Examples and Comparative Example 
were measured for their adhesion to a Bakelite™ (phenol resin) plate used 
as adherend before and after irradiation with electron rays (radiation dose- 
20, 40, 60 kGy) in accordance with JIS Z0237. The results are shown in 
Tables 1 and 2. 



Table 1 

Measurement results of adhesion (N/19 mm) 



Radiation 
dose 
(kGy) 


Example 1 


Example 2 


Example 3 


Example 4 


Comparative 
Example 1 


0 


9.9 


7.2 


6.2 


5.5 


7.0 


20 


9.7 


7.2 


6.0 


5.2 


5.9 


40 


9.6 


7.0 


6.0 


5. 1 


5.2 


60 


9.0 


7.0 


6.0 


48 


49 
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Table 2 



Measurement results of adhesion (ratio (%) of the adhesion after 
irradiation to the adhesion ( - 100 %) before irradiation) 



Radiation 
dose 
(kGy) 


Example 1 


Example 2 


Example 3 


Example 4 


Comparative 
Example 1 


0 


100.0 


100.0 


100.0 


100.0 


100.0 


20 


97.9 


100.0 


96.7 


94 5 


84 2 


40 


97.9 


97.2 


96.7 


92.7 


74 2 


60 


90.9 


97.2 


96.7 


87.2 


70.0 



The adhesive sheets in Example 1 and Comparative Example 1 
were measured for their adhesion to other adherends, that is, a 
polypropylene plate (PP), a glass plate and a stainless steel plate (SUS) 
before and after irradiation with electron rays (radiation dose: 60 kGy) in 
accordance with JIS Z0237. The results are shown in Tables 3 and 4. 
Table 3 



Measurement results of adhesion (N/19 mm) 





Radiation 
dose 
(kGy) 


PP 


Glass 


SUS 


Comparative 
Example 1 


OkGy 


4.9 


7.5 


8.3 


60kGy 


3.6 


5.2 


6.1 


Example 1 


OkGy 


9.6 


12.8 


13.2 


60kGy 


9.5 


12.2 


12.9 
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Table 4 

Measurement results of adhesion (ratio (%) of the adhesion 
after irradiation to the adhesion ( = 100 %) before irradiation) 





Radiation 
dose 
(kGy) 


PP 


Glass 


sus 


Comparative 


OkGy 


100 


100 


100 


Example 1 


60kGy 


73.5 


69.3 


73.5 


Example 1 


OkGy 


100 


100 


100 


60kGy 


99.0 


95.3 


97.7 



As is evident from the tables, the adhesive sheet in Comparative 
Example 1 not compounded with the radiation-resistant agent showed a 
significant reduction in the adhesion thereof upon irradiation with electron 
rays, while the adhesive sheets in the Examples compounded with the 
radiation-resistant agent showed little reduction in the adhesion thereof 
upon irradiation. 



All the publications, patents and patent applications cited herein 
are incorporated herein by reference in their entirety. 



